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The Effect of Com position and Serving 
Temperature Upon Consumer Accept-
ance and Dispensing Qualities of 
Ice Cream 
w. H. E. REID, R. J. DREW,* AND w. s. ARBUCKLE 
The serving temperature and composition of ice cream are fac-
tors that are considered important by manufacturers and dispen-
sors of ice cream in connection with furnishing the consuming 
public a more desirable and palatable product. Desirable serv-
ing temperatures are known to be influenced by several factors, 
among which the composition of the mix appears to be the most 
important. A survey of the literature, however, reveals little re-
search work bearing directly on the effect of the composition of 
the mix on consumer acceptance of ice creams. 
The object of this investigation was to present to the ice cream 
industry, technical information concerning the effect of composi-
tion upon various properties of ice cream mixes of the higher 
serum solids (milk solids-not-fat) content and the proper dispens-
ing and serving temperatures for the finished ice cream. 
REVIEW OF' LITERATURE 
Bierman (1)t who clipped 1200 gallons of ice cream reports that 
there was a variation in dipping losses, when different tempera-
tures were used. He concluded that when hard ice cream was 
clipped, it was not easily compressed and the air was retained by 
the ice cream; however, in softer ice cream, it would rise on one 
side while being pushed down on the other, thus retaining more air. 
Bierman (2) studying the overrun, temperature, and composi-
tion of ice creams found that ice creams having an overrun of 60, 
80, 90, 100 and 118 per cent clipped 17, 15.4, 14.4, 14.1 and 13.5 
quarts respectively from five gallons of ice cream. For each varia-
tion of one per cent sugar, a change of one degree should be made 
in temperature. Ice cream to possess best dipping qualities should 
have between SO and 100 per cent overrun. 
Bradley and Dahle (3) made a microscopic study of ice cream 
with respect to the effect of freezing and hardening temperatures 
•The data presented in this bulletin were taken from a thesis submitted by the junior 
author in partial fulfillment of the requirements fnr the degree of Master of Arts in the 
Graduate School of tbe University of Missouri, 1938. 
tSee List of References on page 44. 
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on the texture. 
proved and the 
temperature was 
period of time. 
The data show that the texture of ice cream im-
ice crystals were smaller when a low freezing 
used and the ice cream was hardened in a short 
Brainerd ( 4) developed a device whereby ice cream could be 
held in its original form as to texture for study under the microscope. 
He found that smoothness depended upon the amount and fineness 
of division of solids present, other than those in true solution. 
Cole (5) made satisfactory sections of ice cream with a rotary 
type microtone. His :microphotographs caused him to conclude 
that an increase in total solids produced a smoother ice cream. 
Dahlberg (6) reports that air cells vary greatly in size, but can-
not be definitely related to textur.e. He found that increasing the 
amount of sugar improved the texture and that less ice was formed, 
due to a more concentrated solution. Milk fat, gelatin and casein 
retard the crystal growth due to mechanical obstruction. 
Dahlberg (7) found that over 12 per cent milk solids-not-fat 
could be used in ice cream and sandiness would not result, if milk 
powder was added after the mix had started to freeze. 
Martin (8) made a study of the relation of commercial protein 
products and a sodium caseinate solution to the flavor, body, tex-
ture, overrun and keeping qualities of ice creams. Sodium case-
inate improved the whipping qualities of the ice cream while other 
products impaired the whipping ability of the mixes when over 
12 per cent milk solids-not-fat was used. 
Reid (9) found that increasing the fat content of ice cream mixes 
had no effect on freezing temperature. As the sugar was increased 
the freezing point was lowered and a smoother texture was ob-
tained. An increase in the milk solids-not-fat lowered the freezing 
point, increased the viscosity of the mix, and improved the stabil-
ity of the finished ice cream and the ability of the mix to rapidly 
absorb heat units. 
Reid (10) made a study of the most desirable serving tempera-
tures of ice cream, using 6, 10, 16 and 20 degrees Fahrenheit and 
found that vanilla ice cream \Vas preferred where served at 16 
degrees Fahrenheit while chocolate and strawberry were liked best 
at 10 degrees Fahrenheit. All ice creams when served at 6 degrees 
Fahrenheit had a submerged flavor, while at 20 degrees Fahrenheit 
the flavor was described as too pronounced and sweet. Reid also 
made a ~tudy of the serving temperature used by dispensers of ice 
cream. He found no unformity in the temperatures used. 
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Reid and Hales (11) found that the structure of ice cream was 
affected by an increase in per cent fat, solids-not-fat, sugar and 
gelatin. The texture of the resultant ice cream was changed from 
a coarse condition to a fine, crystalline physical structure. Using 
the petrographic microscope it was possible to identify crystalline 
and non-crystalline materials as they exist in ice cream. They dis-
covered that fine texture in ice cream is associated with the pres-
ence of uniform angularly shaped ice crystals and jagged tapering 
air cell boundaries. 
Reid and Arbuckle (12) found that serving temperature is a fac-
tor of much importance in determining consumer acceptance of ice 
creams and sherbets. The flavor of ice creams served at 6 degrees 
Fahrenheit was submerged, and the body resistant. I ce creams 
with a high sugar content and pronounced flavor were more desir-
able at a lower serving temperature than were the mildly flavored 
ice creams with low sugar content. All ice creams and sherbets ex-
cept vanilla, were preferred at 10 degrees Fahrenheit, vanilla be-
ing best at 14 degrees Fahrenheit. I ce creams at 18 degrees Fahr-
enheit were described as too sweet and the flavor very pronounced. 
They found there was but little difference in the stability of ice 
creams served at a high or low temperature. 
Turnbow (13) observed that it "\vas necessary to have proper pro-
portions of ingredients in ice cream to control crystallization. 
PROCEDURE 
'!'hat the investigation should be conducted under commercial 
plant conditions, rather than laboratory conditions was considered 
an important factor so that the results might be applied more read-
ily by the · industry. 
All mixes were made from the same source of ingredients. The 
ingredients used included cream, whole milk, Pro-lac powder, skim 
milk powder, sweet butter and gelatin. The mixes were processed 
in the usual manner and frozen in a Vogt continuous freezer. The 
surface tension of the mixes was determined by the application of 
the De Nouy apparatus. A glass electrode potentiometer was used 
in determining the pH. The viscosity vvas determined by the use 
of an Oswald tube and the values calculated by the application of 
a known formula. 
After the ice creams were frozen and hardened they were proper-
ly tempered in commercial ice cream cabinets at the desired tem-
peratures for 24 to 48 hours before they were judged. The ice creams 
reached the desired temperature in that time. 
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The judges were asked to place the ice creams with respect to 
flavor, body and texture preference, and in addition to make a 
final placing. Each sample was judged at four temperatures, and 
in addition four samples of each series were judged at the same tem-
perature and ranked 1st, 2nd, 3rd and 4th. The judges were not 
informed as to the composition or the temperature of the ice 
creams. 
The ice creams were dipped at temperatures of 6, 10, 14, 18 de-
grees Fahrenheit, respectively, using a size No. 24 disher. The ice 
creams were weighed and the average weight of the dishers was 
calculated. It should be observed that the bulk and brick ice 
creams were drawn from the freezer at an overrun of 100 and 90 
per cent respectively and not on a basis of total solids per gallon 
of ice cream. 
Four pints of each sample of ice cream were used from each 
series for stability observations. The ice creams were tempered at 
6, 10, 14 and 18 degrees Fahrenheit. These samples were placed 
in a cabinet having a constant temperature of 85 degrees Fahren-
heit where they were exposed for sixty minutes. 
To study the crystalline structure a sample of each of the ice 
creams at each of the four temperatures was photographed at a 
temperature of 40 degrees Fahrenheit. Microscopic photographs 
of each sample were also taken. Sections of five to ten microns in 
thickness were made with a modified microtone and placed on a 
glass slide using oil with a refractory index of 1.42. The photomi-
crographs were taken under low power objective. All sections 
were prepared and photographed in an ice cream hardening room 
which was held at approximately -10 degrees Fahrenheit. 
Samples of each series were held in the cabinets at 6, 10, 14 and 
18 degrees Fahrenheit and examined each week for changes in 
flavor, body and texture. 
EXPERIMENT'AL DATA 
The composition of the mixtures used in this investigation is pre-
sented in Table 1. 
Table 2 shows the chemical and physical properties of the differ-
ent mixtures. As a larger per cent of "Pro-Lac,. powder and 
sugar was used, the acidity varies from .23 to .17 per cent. The 
pH varied from 6.20 to 6.70. The surface tension varied from 45.4 
to 48 dynes which seems to indicate that the composition of the mix 
has but little influence on surface tension. Viscosity varied from 
12.10 to 98.99 times the viscosity of water. 
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The comments presented in these data relating to the effect of 
composition and serving temperature on consumer acceptance are 
based on observations of approximately 300 different people. 
TABLE 1.-THE COMPOSITION OF THE DIFFERENT MIXTURES AND THE OVER-
RUN OF THE ICE CREAMS 
Serum Solids Sugar Gelatin Total Solids Overrun 
Per .Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
SERIES 1 
B"lk Brick 10.00 11.00 14.00 .30 35.30 100.00 90.00 
12.00 11.00 14.00 ,30 37.30 100.00 90.00 
14.00 11.00 14.00 .30 39.30 100.00 90.00 
16.00 11 .00 14.00 .30 41.30 100.00 90.00 
SERIES 2 
12.00 9.00 14.00 .30 35.30 100.00 90.00 
12.00 11.00 14.00 .30 37.30 100.00 90.00 
12.00 13.00 14.00 .30 39.30 100.00 90.00 
12.00 15.00 14.00 .30 41.30 100.00 90.00 
SERIES 3 
12.00 11.00 12.00 .30 35.30 100.00 90.00 
12.00 11.00 14.00 .30 37. 30 100.00 90.00 
12.00 11.00 16.00 .30 39.30 100.00 90.00 
12.00 11.00 18.00 .30 41.30 100.00 90.00 
SERIES 4 
12.00 13.50 12.00 .30 37.80 100.00 90.00 
12.00 13.50 14.00 .30 39.80 100.00 90.00 
12.00 13.50 16.00 .30 41.80 100.00 90.00 
12.00 13.50 18.00 .30 43.80 100.00 90.00 
SERIES 5 
12.00 15.50 12.00 .20 39.70 100.00 90.00 
12.00 15.50 14.00 .30 41.80 100.00 90.00 
12.00 15.50 16.00 .40 43.90 100.00 90.00 
12.00 15.50 18.00 .50 46.00 100.00 90.00 
TABLE 2.-THE CHEMICAL AND PHYSICAL PROPERTIES OF THE DIFFERENT 
ICE CREAM MIXTURES 
Sample Surface 
No. Acidity pH Tension Viscosity 
SERIES 1 
1 .22 6.64 48.0 12.10 
2 .22 6.65 48.0 13.66 
3 .22 6.65 48.0 15.36 
4 .22 6.64 48.0 16.90 
SERIES 2 
1 .23 6 .. 15 47.2 15.71 
2 .21 6.50 47.2 17.80 
3 . 21 6.60 46.8 19.80 
4 .21 6.70 47.2 21.03 
SERIES 3 
1 .21 6.20 47.9 16.90 
2 .21 6.25 48.6 17.40 
3 .21 6.25 47.9 19.60 
4 .20 6.20 48.6 20.60 
SERIES 4 
1 .21 6.50 45 .4 12.20 
2 .20 6.50 46.1 15.88 
3 .19 6.55 46.1 19.66 
4 .18 6.50 46.1 24.58 
SERIES 5 
1 .20 6.70 47.5 24.60 
2 .19 6.70 46.1 25 .13 
3 .18 6.70 46.1 59.98 
4 .17 6.70 46. 1 98.89 
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Series 1. Relation of Fat Content of Ice Creams at Different 
Servingf Temperatures to the Consumer Acceptance.-Figure 1, 
shows the :f:!avor, body and texture preference, and final placing, 
of ice creams varying in fat content at different serving tempera-
tures. At 6 degrees Fahrenhit, 14 per cent butterfat content was 
most desirable in :f:!avor while 16 per cent was the least desirable. 
Body preference at 6 degrees Fahrenheit was the same as :f:!avor 
preference, while texture was judged best in the ice cream hav-
ST. 
Nil 
::1 J 4 
Serving Temperatur~ in Degrees Fahrenheit 
Final Pbeing 
1ST 
2N 
... 
3R D. I] I. 4TH 
1ST. 
2ND 
4TH: 
6 10 14 18 6 10 14 18 
Serving Tll!lperature in Degrees Fehrenhei t 
' 
SYMBOLS 
10 12 14 16 
PER CENT 
fAT 
IJ j 
6 10 14 18 
PlavorPreterenee Body Preferenoe ~exture Preference 
Fig. 1.-The Effect of Variation of Fat Content in Ice Cream Upon Consumer Preference 
at Different Serving Temperatures. 
ing 12 per cent fat. At 10 degrees Fahrenheit, the :f:!avor preference 
was the same as at 6 degrees Fahrenheit. Body and texture was 
most desirable in 14 per cent fat ice cream and least desirable in 
10 per cent. At 14 degrees Fahrenheit the ice cream having 14 
per cent fat was most desirable in :f:!avor, body and texture, with 
:f:!avor least desirable in 16 per cent fat ice cream. The body and 
texture was least desirable in 10 per cent fat ice cream. At 18 de-
grees Fahrenheit the ice creams were more desirable in :f:!avor, body, 
and texture as fat content was increased. 
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Figure 2 shows the flavor, body and texture preferences, and 
final placings of ice creams at varying serving temperatures. The 
flavor, body and texture for all the ice creams were most desirable 
at 10 degrees Fahrenheit _and were least desirable at 18 degrees. 
u 
?E 
~ 
~ 
.... 
"" 0.. 
1.207e ~AT--­
!0'1'.1 
1-l=i.rFAT-
' 
' 
IE"4, ', 4T~------------~c------------~~----------~ 10 14 18 
Se~ng Temperature in Degrees Fahrenhet t 
Final Placing 
1ST. 1ST. !ST. 
2ND. 
I 
I 
I 
3RD . IO"'J 
l2"ltFAT-
14.,. 
4TH. 16~ F.l..T---
6 10 14 
Serving Temperature in Degrees Fahrenheit 
l'lavor Preference Body Preference Texture Preference 
Fig. 2.-The Effect of Serving Temperature Upon Consumer Preference of 
Ice Cream Varying in Fat Content. 
Series 2. Relation of the Serum Solids Content of Ice Creams At 
Diff€rent Serving Temperatures to the Co·nsumer Acceptance.-
Figure 3 shows the flavor, body and texture preferences, and final 
placings of ice creams varying· in serum solids at different serving 
temperatures. At 6 degrees Fahrenheit ice cream containing 11 
per cent serum solids was most desirable in flavor· while that con-
taining only 9 per cent was least desirable. The body was most de-
sirable in the ice cream having 11 per cent serum solids, and least 
desirable in the sample having 15 per cent serum solids. At 10 
degrees Fahrenheit the sample having 13 per cent serum solids 
was most desirable, while the sample having 9 per cent serum solids 
was least desirable. Body observations were similar to those at 
10 MISSOURI AGRICULTURAL EXPERIMENT STATION 
6 degrees. Texture was most desirable in the sample having 13 
per cent serum solids, while it was least desirable in samples hav-
ing 15 per cent serum solids. At 14 degrees Fahrenheit the flavor 
was preferred in the sample having 13 p~r cent serum solids. At 
18 degrees Fahrenheit the flavor, body and texture were desired in 
the same order as at 14 degrees Fahrenheit. 
U :lNIDI--1/ A~---o...,.-t -._t----..-ri' '1---[/ 
:z 
..... 
"" ..... .....
..... 
"" 0. 
.... 
~2ND 
...... 
"" ..... .....
~ 3RD 
a.. 
4TH 
6 10 
Serving Temperature in Degr~es Fahrenheit 
Final Placing 
1St 
- - -
2NOt-n.,--l/foa·_,,_..,_-t 
I. n ] 
6 10 14 16 
1St 
2ND. 
3RD 
4TH 
Serving Temperature ip Degrees Fahrenheit 
SYMBOLS 
II II 
9 11 13 1~ 
PER CENT . 
SERUM SOLIDS , 
- - - -
- ] 
3 l [ 
6 10 14 16 
Flavor Preference Body Preference Texture Preference 
Fig. 3.-The Effect of Variation of Serum Solids in Ice Cream Upon Consumer Preference 
at Different Serving Temperatures. 
Figure 4 shows the flavor, body and texture preferences, and 
:final placings of ice creams in Series 2, at varying serving tempera-
tures. The flavor at 10 degrees Fahrenheit was the most desirable 
in all of the samples. The second choice was at 6 degrees except in 
the sample having 9 per cent serum solids which was second at 14 
degrees Fahrenheit. All the samples were the least desirable in 
flavor at 18 degrees Fahrenheit. The body preferences were the 
same as flavor, but the texture was most desirable at 10 degrees 
Fahrenheit and least desirable at 18 degrees Fahrenheit for all the 
ice creams. 
Series 3. Relation of the Sugar Corntent of Ice Creams at Differ-
ent 'Serving Temperatures to the Consumer Accep,tance.-Figure 
5 shows the flavor, body and texture preferences, and final plac-
1St 
9'1'o SERUM SOLIDS-
"~I 13~ SERUM SOUlS--15Cf'o 
10 14 18 
Serving Temperature in Degrees J!'ehrenhei t 
J!'inal Placing 
151 1 ST. .----..,..,..----.,---. 
Serving Temperature in Degrees Fahrenheit 
navor Pre:t'erence Body Pre:t'erence Texture Preference 
Fig. 4.-Thc Effect of Serving Temperature Upon Consumer Preference of Ice Cream Varying in Serum Solids Content. 
tST. 
IS T. 
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RD 
4 THI• 
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Serving Temperature 1n Degrees Fehtenhe1 t 
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1ST. 
11 13 l [ 
10 14 18 
1ST. . 
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4TH .1• 
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6 
SYMBOLS 
11~1 
12 14 16 18 
PER CENT 
SUGAR 
I" I - [ [ i3 
10 14 18 
Pl.avor E:r~1".,:rence Body Preference Texture Preference 
Fig. 5.-The Effect of V'ariation of Sugar Con,ent in Ice Cream Upon Consumer Preference 
at Different Serving Temperatures. 
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ings, of ice cream varying in sugar content at different serving 
temperatures. At 6 degrees Fahrenheit, 16 per cent sugar content 
was most desirable in s-weetness, with 14 per cent, 18 per cent and 
12 per cent following in the order named. The body was best in 
the 16 per cent sample with 18 per cent ranking second, 14 per cent 
third and 12 per cent the least desirable of all. 1'exture was 
,~r-----------~~------------~----------~ 
... ----
..... ------------
~----w 2NDI~ ---~~----4-----~~,----~~------------~ 
~ ' ~ ' ~ ' ~ ' ~ ', ~ 3RQf-------------~----------~~----~----~ 
:~:tl SUGAR -
:g:tJ SUGAFI ---
... 
..... 
.................. , 
............ 
4TH~6 ----------~~----------~----------'~, 10 14 18 
SerTiDg Temperature in Degr••• Fahrenheit 
Final Placing 
Fig. 6.-The Effect of Serving Temperature Upon Consumer Preference of 
Ice Cream Varying in Sugar Content. 
ranked the same as flavor. At 10 degrees Fahrenheit, the ice cream 
having 16 per cent sugar was most desirable and the ice cream 
having 18 per cent sugar was least desirable. In body and texture, 
the ice creams were less desirable as the sugar was increased from 
12 to 18 per cent. At 18 degrees Fahrenheit, the ice creams -.vere 
preferred ·with 12 per cent sugar and were considered to be less 
desirable as the sugar ·was increased. 
Figure 6 shows the flavor, body and texture preferences. and 
final placings, of ice creams at varying serving temperatures. The 
flavor at 10 degrees Fahrenheit, was most desirable for all the 
samples, second at 6 degrees Fahrenheit for all ice creams except 
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12 per cent sugar which was second at 14 degrees Fahrenheit, third 
at 14 degrees Fahrenheit, for all ice creams except that having 12 
per cent sugar, which was placed third at 6 degrees Fahrenheit. 
All the ice creams were least desirable in flavor at 18 degrees 
Fahrenheit. The body vvas ranked first at 10 degrees Fahrenheit, 
for all samples except ice cream having 12 per cent sugar, which 
was more desirable at 14 degrees Fahrenheit. The body of each 
sample was least desirable at 18 degrees Fahrenheit. The texture 
was preferred at 10, 6, 14, and 18 degrees Fahrenheit, respectively. 
Series 4. Relation of the .Sugar Content of High Serum Solids 
Ice Creams at Different Serving T·emperatures to the Consumer 
Acceptanace.-Figure 7 shows the flavor. body and texture pref-
erences, and final pla.cings of ice creams. At 6 degrees Fahrenheit 
the ice cream containing 16 per cent sugar had the most desirable 
flavor. 'rhe body and texture were most desirable in the ice cream 
having 16 per cent sugar and least desirable in the ice cream hav-
ing 12 per cent sugar. At 10 degrees Fahrenheit the flavor, body 
and texture were the most desirable in ice cream with 18 per cent 
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Fig. 7.-The Effect of Variation of Sugar Content in High Serum Solids Ice Cream Upon 
Consumer Preference at Different Serving Temperatures. 
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sugar. At 14 degrees Fahrenheit ice cream containing 14 per cent 
sugar was placed first. The body and texture were less desirable 
as the sugar content was increased. At 18 degrees Fahrenheit the 
flavor, body and texture of the ice creams became less desirable 
as the sugar content was increased. 
Figure 8 shows :flavor, body and texture preferences, and final 
placings, of ice creams containing different amounts of sugar at the 
various serving temperatures. In reference to flavor, body and tex-
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Fig. 8.-The Effect of Serving Temperature Upon Consumer Preference of 
High Serum Solids Ice Cream Varying in Sugar Content. 
ture the ice creams were found most desirable at 10 degrees Fahr-
enheit and least desirable at 18 degrees Fahrenheit. 
Series 5. Relation of the Sugar and Gelatin Content of High 
Serum Solids Ice Creams at Different Serving Temperatures to 
The Consumer Acceptance.-Figure 9 shows :flavor. body and tex-
ture preferences, and final placings of ice creams varying in sugar 
and gelatin content at different serving temperatures. At 6 de-
grees Fahrenheit, ice cream containing 16 per cent sugar and .4 
per cent gelatin was most desirable in :flavor and body, with ice 
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cream containing 12 per cent sugar and .2 per cent gelatin least 
desirable. The texture was most desirable in ice cream containing 
16 per cent sugar and .4 per cent gelatin and least desirable in ice 
cream having 18 per cent sugar and .5 per cent gelatin. At 10 
degrees Fahrenheit the flavor and body were preferred in the same 
order as at 6 degrees Fahrenheit. The texture was most desirable 
in ice creams containing 16 per cent sugar and .4 per cent gelatin 
and least desirable in the ice cream having 12 per cent sugar and 
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Fig. 9.-The Effect of Variation of Sugar and Gelatin Content in High Serum Solids Ice 
Cream Upon Consumer Preference at Different Serving 'l'emperatu1·es . 
. 2 per cent gelatin. At 14 degrees Fahrenheit, the ice cream con-
taining 16 per cent sugar and .4 per cent gelatin was most desirable 
with ice cream containing 18 per cent sugar and .5 per cent gelatin 
the least desirable. The body and texture were most desirable in 
the ice cream containing 16 per cent sugar arid .4 per cent gelatin 
and least desirable in ice cream containing 12 per cent sugar and 
.2 per cent gelatin. At 18 degrees Fahrenheit, the ice creams hav-
ing low sugar and gelatin content were the most desirable. 
Figure 10 shows the flavor. body and texture preferences. and 
final placings of ice creams at varying serving temperatures. Ice 
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creams containing 12 and 14 per cent sugar and .2 and .3 per cent 
gelatin were most desirable in flavor, body and texture at 10 de-
grees Fahrenheit and least desirable at 18 degrees Fahrenheit. Ice 
creams containing a higher percentage of sugar and gelatin were 
most desirable in flavor, body and texture at 6 degrees Fahrenheit 
and least desirable as the temperature was increased. 
1&-,sUGAR .4~GELATIN ---· 
12"1.5UGAR .2'J,GELATIN I 
14~SUCAR .3"l,G!:LATIN -
18~SUGAR -~~GELATIN 
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4TH. ::~ :~~J-
6 10 14 
\ 
' \ 
3 RD SUGAR & G!:L. \ 
. :~;: ~;:~- -
4TH :g;; :1;;:1-
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Serving Temperature in Degrees Pahrenhei t 
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Fig. 10.-The Effect of Serving T emperature Upon Consumer Preference of 
High Serum Solids Ice Cr eam Varying in Sugar and Gelatin Content. 
Relation of CompositiOIJl of the Mlx and Different Serving 
Temperatures to the Texture of Ice Creams 
Figures 11 to 15 inclusive, indicate that serving temperature had 
very little effect upon texture, however, the texture was somewhat 
more defined at the lower temperatures. As the fat content was 
increased, the texture. was closer and had a more ragged appear-
ance. An increase in the percentage of serum solids gave a finer 
texture. Increased increments . of sugar tended to give a less de-
fined or sticky texture. When the sugar content was increased in 
ice creams containing 13.5 per cent serum solids the texture be-
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came closer and more desirable. The texture of the ice creams 
containing 15.5 per cent serum solids was very close. 
Microphotographs of the different ice creams are shown in Fig-
ures 16 to 20, inclusive. Microphotographs of ice creams varying 
in fat content show that there was a tendency for the ice crystals to 
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Fig. 11.-The Effect of Variation in Fat Content and Serving Temperature Upon the 
Texture of Ice Cream. • 
become smaller and more uniform as the fat content increased. As 
the serum solids content increased, the ice crystals were held to-
gether more uniformly with a bounding material that had a more 
opaque appearance. When the sugar content of the ice cream was 
increased, the ice crystals were held less closely together and were 
surrounded by a clear bounding material. In the 13.5 per cent 
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serum solids ice cream, the crystals were relatively small and even-
ly distributed and as the percentage of sugar was increased, the 
crystals seemed to be fewer in number and were surrounded by a 
larger amount of bounding material. In the high serum solids ice 
~ENT ~ERUM' SOLIDS 
11 13 
Fig. 12.-The Effect of Variation in Serum Solids Content and Serving Temperature Upon 
the Texture of Ice Cream. 
• 
cream, the ice crystals were smaller and as the per cent sugar and 
gelatin increased, the bounding material became more abundant 
and surrounded the crystals more compactly. 
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Fig. 13.-The Effect of VaTiation in Sugar Content and Serving Temperature Upon the 
Texture of Ice Cream. 
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Fig. 14.-The Effect of Variation in Sugar Content and Serving Temperature Upon the 
Texture of High Serum Solids Ice Cream. 
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Fig. 15.-The Effect of Variation in Sugar and Gelatin Content and Serving Temperature 
Upon the Texture of High Serum Solids Ice Cream. 
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Fig. 16.-Microphotographs Showing Influence of Variation of Fat Upon the Structure of 
Ice Cream. 
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Fig. 17.-Microphotographs Showing Influence of Variation of Serum Solids Upon the 
Structure of Ice Cream. 
24 MissouRI AGRICULTURAL ExPERIMENT STATION 
Fig. 18.-Microphotographs Showing Influence of Variation of Sugar Upon the Structure 
of Ice Cream. 
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TWELVE PER CENT 
SUGAR 
FOURTEEN PER CENT 
SUGAR 
EIGHTEEN- PER CENT 
SUGAR 
Fig. 19.-Microphotographs Showing Influence of Variation of Sugar U pon the Structure 
.of High Serum Solids I ce Cream. 
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l2 PER CENT SUGAR 
0.20 PER CENT GELATIN 
. 16 PER CENT SUGAR 18 PER CENT SUGAR 
0.40 PER CENT GELATIN 0.50 PER CENT GELATIN 
Fig. 20.-Microphotographs Showing Influence of Variation of Sugar and Gelatin Upon the 
Structure of High Serum Solids Ice Cream. 
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Relation. of the Composition of the Mix and Different Serving 
Temperatures to the Stability of Ice Creams 
27 
Ice creams varying in fat content were most stable at a serving 
temperature of 14 degrees Fahrenheit (Fig. 21) . The ice creams 
served at 6 degrees Fahrenheit were the least stable. Increased 
fat content increased the stability. 
Figure 22 indicates that the serving temperature had very little 
effect upon the stability of ice cream varying in serum solids con-
tent. Those ice creams containing 9 and 13 per cent serum solids 
were most stable, while those containing 11 and 15 per cent serum 
solids were less stable. 
From Figure 23 it can be seen that ice creams varying in sugar 
content were less stable at the serving temperatures of 10 and 14 
degrees Fahrenheit. 'l'he ice cream containing 16 per cent sugar 
and the ice cream with 12 per cent sugar at serving temperatures 
of 10 and 14 degrees were the least stable. 
Ice creams containing 13.5 per cent serum solids and varying· in 
sugar content were slig·htly more stable at the serving tempera-
ture of 18 degrees Fahrenheit (Fig. 24) . '!'here was little differ-
ence in the stability of the ice creams at other temperatures. 'l'he 
ice creams with 18 per cent sugar appeared to be the most stable 
while those with 12 per cent sugar seemed to be the least stable. 
From Figure 25 it appears that ice creams containing 15.5 per 
cent serum solids and varying in sugar and gelatin content became 
more stable as the serving temperature and the percentage or 
sug·ar and gelatin is increased. 
Figures 26 to 29 inclusive show a comparison of factory-filled 
cartons and hand-filled cartons of the different ice creams at the 
various serving temperatures. The factory-filled ice creams ap-
pear on the first and third rows in the photographs and the hand-
filled ice creams appear on the second and fourth rows. The photo-
graphs show that the hand-filled cartons of ice cream appear to be 
less stable than the factory-filled cartons of ice cream. This con-
dition seems to be more noticeable as the serving temperature is 
increased. 
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Fig. 21.-The Relation of Fat Content and Serving Terrperature to the Stability of 
Ice Cream Packaged at the Freezer. 
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Fig. 22.-The Relation of Serum Solids Content and Serving T emperature to the Stability of Ice Cream Packaged at the Freezer. 
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Fig. 23.-The Relation of Sugar Content and Serving Temperature to the Stability of 
Ice Creams Packaged at the Freezer. 
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Fig. 24.-The Relation of Sugar Content and Serving Temperature to the Stability of 
High Serum Solids I ce Cream Packaged at the Freezer. 
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Fig. 25.-The Relation of Sugar and Gelatin Content and Serving Temperature to the Stability of High Serum Solids Ice Cream. 
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PERCENT FAT 
16 10 12 14 16 
Fig. 26.-The Relation of Stability of Icc Cream Packaged at the F reezer and Hand 
Packed to the Fat Content and Serving Temperature. 
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RCENT FAT 
10 12 
Fig. 27.-The Relation of Stability of Ice Creams Packaged at the Freezer and Hand 
Packed to the Fat Content and Serving Temperature. 
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PERCENT 
Fig. 28.-The Relation of the Stability of Ice Creams Packaged at the Freezer and 
Hand Packed to the Serum Solids Content and Serving Temperature. 
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Fig. 29.-The Relation of Stability of Ice Creams Packaged . at the Freezer and Hand 
Packed to the Serum Solids Content and Serving Temperature. 
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Relation of Composition of the Mix and Different Serving Tempera-
tures T'o the Average Weight of Dishers of Ice Cream 
Table 3 shows the relation of fat content of ice cream to the 
average weight of dishers of ice cream ~erved at different tem-
peratures. It will be noted at 6 and 10 degrees Fahrenheit that as 
the fat content increased, the weight of the dishers decreased. At 
14 degrees Fahrenheit, the 10 and 16 per cent fat content ice 
cream produced the lightest dishers. When the ice cream was 
served at a temperature of 18 degrees Fahrenheit larger dishers 
were secured as the fat content was increased. 
Table 4 shows the relation of the serum solids content of ice 
cream to the average weight of dishers of ice cream served at dif-
ferent temperatures. It will be noted that at 6 degrees Fahrenheit 
the average weight of the disher was less than at any other tem-
perature, and as the serum solids were increased, the dishers were 
heavier. At 10 degrees ~-,ahrenheit, the dishers of ice cream be-
came heavier as the serum solids were increased. At 14 degrees 
Fahrenheit, the ice cream having 11 per cent serum solids gave 
the heaviest disher, however, the dishers of the other ice creams de-
creased in weight as the serum solids were increased. 
Table 5 shows the relation of sugar content of ice cream to the 
average weight of dishers of ice cream served at different tem-
peratures. It will be observed that at 6 and 10 degrees Fahrenheit, 
the ice cream with 12 per cent sugar resulted in the lighter dishers, 
while at 18 degrees Fahrenheit, they were the heaviest. At 6, 10 
and 14 degrees, there was but little difference in the weight of 
TABLE 3.-RELATION OF FAT CONTENT TO THE AVERAGE WEIGHT OF DISHERS 
OF leE CREAM SERVED AT DIFFEREN T TEMPERATURES 
Average Weight 
Temperature Net Weight Number of of D ishers 
Per Cent Degrees 1'. Lbs. Ozs. Dishers Ozs. 
10 6 11 14 151 1.258 
12 6 11 3 147 1.217 
14 6 11 4 148 1.216 
16 6 11 0 149 1.181 
10 10 12 0 127 1.511 
12 10 11 6 116 1.568 
14 10 11 4 123 1.463 
16 10 11 0 134 1.313 
10 14 12 2 1.14 1.448 
12 14 11 6 120 1.516 
14 14 11 3 119 1.504 
16 14 11 2 125 1.424 
10 18 12 2 148 1.:no 
12 18 11 1 131 1.35! 
14 18 11 3 128 1.399 
16 18 11 1 126 1.404 
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TABLE 4.-RELATION OF SERUM SOLIDS CONTENT TO THE AVERAGE WEIG
HT 
OF DISHERS OF !CE CREAMS SERVED AT DIFFERENT TEMPERATURES 
Serum Average Weight 
Solids Temperature Net Weight N umber of of Dishers 
Per Cent Degrees F. L bs. Ozs. Dis hers Ozs. 
9 6 II 0 139 1.26.6 
11 6 11 2 131 1.358 
13 6 11 0 126 1.396 
15 6 10 10 121 1.404 
9 10 10 12 122 1.409 
11 10 11 0 123 1.430 
13 10 10 12 116 1.482 
IS 10 11 4 122 1.475 
9 14 11 0 113 1.557 
11 14 11 2 110 1.618 
13 14 11 4 123 1.463 
15 14 11 121 1.456 
9 18 I I 6 122 1.491 
11 18 II 0 117 1.504 
13 18 11 4 118 1.525 
15 18 10 10 114 1.491 
TABLE 5.-RELATION OF SUGAR C ONTENT TO THE AVERAGE WEIGHT OF DISHE
RS 
OF !CE CREAMS SERVED AT DIFFERENT TEMPERATURES 
T emperature Net W eight N umber of 
Average Weight 
of Dishers 
Per Cent Degrees F. Lbs. Ozs. Dishers Ozs. 
12 6 11 12 138 1.360 
14 6 II 10 118 1.570 
16 6 11 12 123 1.520 
18 6 11 4 117 1.530 
12 10 11 13 133 1.420 
14 10 11 12 118 1.590 
16 10 I I 12 116 1.620 
18 10 11 4 112 1.600 
12 14 11 14 120 1.580 
14 14 11 12 114 
1.640 
16 14 11 10 125 
1.480 
18 14 II 4 117 1
.530 
12 18 11 14 111 
1.710 
14 18 II 14 104 1.
820 
16 18 11 12 116 
1.620 
18 18 11 4 128 
1.400 
dishers of ice cream having 14, 16 and 18 per cent sugar while at 
18 degrees Fahrenheit, as the sugar was increased the dishers be-
came lighter. 
Table 6 shows that at 6 and 10 degrees Fahrenheit as the sugar 
content of ice creams containing 13.5 per cent serum solids was in-
creased the weight of the dishers of ice cream increased. 
Table 7 shows that in ice creams containing 15.50 per cent serum 
solids and varying in sugar and gelatin content, the composition 
seemed to have very little effect upon the dishing qualities at 10 
and 14 degrees Fahrenheit. However, at 6 degrees Fahrenheit, the 
ice cream having the lowest sugar and gelatin content gave the 
lightest dishers, and at 18 degrees Fahrenheit the reverse was t rue. 
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Figure 30 gives a visual interpretation of Tables 3 to 7. inclusive. 
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of Ice Cream Served at Different Temperatures. 
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T ABLE 6 .-RELATION OF SUGAR CONTEN T TO TH E AVERAGE WEIGHT OF DISHERS 
OF H IGH SERUM SOLIDS ! CE CREAMS S ERVED AT 
DIFFEREN T T EMPERATURES 
Number of 
Average W eight 
Temperature Net Weight of Disher• 
Per Cent Degrees F . Lbs. Ozs. Dishers Ozs. 
12 6 11 2 132 1.340 
14 6 11 6 123 1.470 
16 6 Jl 0 11 3 1.550 
18 6 11 4 Ill 1.620 
12 10 11 2 12 1 1.470 
14 10 I I 0 107 1.640 
16 10 II 0 11 2 1.570 
18 10 II 2 104 1.710 
12 14 11 8 I ll 1.6 50 
14 14 1! 0 109 1.610 
16 14 1! 8 112 1.640 
1 8 14 11 0 11 3 1.550 
12 18 11 6 104 1.750 
14 18 11 0 110 1.600 
16 18 10 14 11 5 1.510 
18 18 11 0 11 8 1.490 
T ABLE 7.-RELATION OF SUGAR AND GELATIN CONTENT TO T HE A VERAGE 
WEIGHT OF DISHERS OF HIGH SERUM SOLIDS ICE C REAMS 
S ERVED AT DIFFERENT T EMPERATURES 
Sugar and Average Weight 
Gelatin Temperature N et Weight Number of of Dishers 
Per Cent Degrees F. Lbs. Ozs. Dishers Ozs. 
12 .20 6 11 4 116 1.551 
14 . 30 6 11 0 116 !.517 
1 6 . 40 6 11 8 107 1.719 
18 .50 6 11 4 104 1.73(} 
12 .20 10 11 7 106 1.726 
14 .30 10 11 2 101 1.762 
16 .40 10 1 1 0 100 1.760 
18 . 50 J(} 11 4 105 1.714 
12 .20 14 11 2 98 1.814 
14 .30 14 11 4 106 1.698 
16 .40 14 10 12 103 1.669 
18 .50 14 1! 10 109 1.706 
12 .20 18 11 4 98 1.836 
14 .30 18 11 2 96 1.854 
16 .40 18 10 12 l iD 1.563 
18 .50 18 11 4 11 7 1.538 
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DlSCUSSION 
The physical and chemical analysis of the different mixtures in-
dicated that a variation in the composition of the mix had little 
effect on surface tension and acidity. Increased amounts of sugar 
slightly decreased the acid present in the mixture. The pH was 
raised by the addition of different increments of " Pro-Lac" pow-
der. The viscosity was increased by an increase in total solids, with 
gelatin having a decided effect on the physical structure of the 
mixture and materially raising the viscosity. 
The consumer preference was greatest for ice creams at the serv-
ing temperature of 10 degrees Fahrenheit. At this temperature 
the ice creams containing 14 per cent fat, 13 per cent serum solids, 
14 per cent sugar and .3 per cent gelatin appeared to possess the 
most favorable consumer preference. When higher serving tem-
peratures were studied the ice creams with higher fat content were 
more desirable. 
From the observations recorded it is indicated that composition 
and serving temperature have a decided effect upon the flavor and 
body of ice cream. In all cases, the flavor became more pronounced 
and sweeter as the serving temperature increased. 
Increased increments of fat produced a buttery, cold ice cream 
at the lower serving temperatures, while at the higher temperature 
the flavor was decidedly more desirable and the body was consid-
ered smooth and mellow and of desirable resistance. 
It is interesting to note that the serving temperature had a de-
cided effect upon the sweetness of the ice cream. Those ice creamR 
containing a low sugar content were criticized severely at the low-
er serving temperatures for lacking sweetness while they were 
considered desirable at the higher temperatures. High sugar con-
tent ice creams were considered too sweet at the higher serving 
temperatures but desirable at the lower temperatures. 
Ice creams containing 13.50 per cent serum solids and varying in 
sugar content were found to have about the same characteristics as 
to flavor observation as did the lower· serum solids content ice 
creams varying in sugar content, however, the body of these ice 
creams was considered much more desirable in that it was more 
smooth and mellow. These ice creams compared very favorably 
with those ice creams containing the highest per cent of fat. 
Ice creams containing 15.50 per cent serum solids and varying in 
sugar and gelatin content were criticised as being too warm and 
too sweet at the higher temperatures, however, these criticisms 
were not observed at the lower temperatures. 
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Macrophotographs show that there was a considerable Improve-
ment in texture as the fat content was increased. Increased serum 
solids and increased sugar content gave a more desirable texture: 
but in higher serum solids ice creams, with increased sugar con-
tent, there was a more decided improvement in the texture of the 
ice creams. In the high serum solids ice creams, the texture ap-
peared closer as the sugar and gelatin content was increased. 
Microscopic studies seem to indicate that as the per cent of fat, 
serum solids and gelatin was increased there was a relative de-
crease in the size of the ice crystals. Apparently as the sugar anrl 
serum solids are increased there are fewer ice crystals and these 
are surrounded by a larger amount of bounding material. This 
bounding material seems to appear in a non-crystalline form. 
Stability studies show that both the composition and serving 
temperature have a decided effect upon the melting qualities. It 
appears that both of these factors affect the amount of water frozen 
in the ice cream, therefore, certain combinations of the two give 
maximum stability. It was indicated that in ice creams at low 
serving temperatures where a large amount of the water was in 
the form of ice crystals, the ice cream melted quickly; while the 
ice creams tempered to the higher temperature appeared to have 
a smaller amount of the water in the form of ice crystals and a 
larger amount left free to become bound into the ice cream by the 
stabilizer. The stability of the latter ice creams was increased 
even though the temperature was higher. 
In eomparing the hand packed with factory filled cartons of ice 
cream it is interesting to note that in all cases the hand clipped ice 
cream began to melt sooner and was less stable than those that 
were factory filled. This was probably due to the fact that the 
surface of the hand clipped portion of iee cream exposed was more 
irregular giving a larg·er area exposed to the air . Also the change 
occurring in the physical structure of the ice cream during dipping 
might have had some influence upon its stability. 
Dipping studies indicate there were two factors influencing the 
weight of the disher of ice cream. One of these factors was the 
resistance offered by the ice cream which prevents the expulsion 
of the air. The second factor was the amount of- force applied to 
push the disher into the ice cream. The composition and serving 
temperature definitely affects the resistance offered by the product 
and has a direct relation to the number of dishers of ice cream ob-
tained per gallon. 
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CONCLUSIONS 
i 
1. Composition and serving temperature had marked effects on 
consumer acceptance, crystalline stTucture, stability, dipping qual-
ities and keeping qualities of ice cream. 
2. A serving temperature of 10 degrees Fahrenheit was con-
sidered most desirable from the consumer's viewpoint. Ice cream 
containing 14 per cent fat, 13 per cent serum solids, 14 per cent 
sugar and 0.3 per cent gelatin was preferred in the series of mixes 
studied. 
3. As the serving temperature was increased from 6 to 18 de-
grees Fahrenheit, the vanilla flavor was more pronounced, the ice 
creams were sweeter, the high fat ice creams vvere criticized less 
for being buttery and were considered to be more desirable. 
4. Macrophotographs reveal that as fat, serum solids or sugar 
content was increased a closer and more desirable texture was 
obtained. 
5. Microscopic examinations of the ice creams indicated that as 
fat, serum solids or sugar content was increased the ice crystals be-
came smaller and were surrounded more abundantly with non-
crystalline material. 
6. Macroscopic photographs indicated that there was an op-
timum point between the water in a frm1en and unfrozen form 
which produced the most stable ice cream when exposed at 85 de-
grees Fahrenheit, and that it was atl'ectecl materially by the serv-
ing temperature and composition of the ice creams. 
7. As the fat or gelatin was increased the ice creams were more 
stable at 85 degrees Fahrenheit, with serving temperature affect-
ing their stability very little, while the effect of variation in sugar 
and serum solids content on stability was influenced greatly by 
the serving temperature. 
8. Macroscopic photographs indicated that factory filled cartons 
of ice cream were more stable than hand packed cartons of ice 
cream when they were exposed at 85 degrees Fahrenheit. 
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